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(57) ABSTRACT 
A feature-rich transport multiplexer and a number of asso 
ciated methods, systems, subsystems, softWare features, 
graphical user interfaces and control systems are disclosed. 
The disclosure includes GUI’s that enable operators to easily 
monitor and manipulate content streams ?oWing through a 
transport multiplexer in real-time. The disclosed interfaces 
include screens that supply operators With identity, structure, 
con?guration, bandwidth utilization and/or status informa 
tion for system hardWare and softWare. The disclosed fea 
tures also provide computer assisted routing con?guration 
for present and future routing events through simple 
manipulation, such as drag and drop operations, of graphical 
objects. Routing control is further simpli?ed by permitting 
operators to con?gure routing control of individual content 
stream components as Well as groups of such components 
simultaneously. Further ?exibility is permitted by predeter 
mination of future routing events, thereby enabling the 
automatic execution of con?guration changes at a future 
time. Various types of content, such as video, audio, IP data 
can be manipulated to achieve various results such as one or 
more multiplexed MPEG data streams. 
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IP DATA ENCAPSULATION AND INSERTION IN A 
TRANSPORT MULTIPLEXER 

CROSS REFERENCE TO RELATED CASES 

[0001] This application claims the bene?t under 35 U.S.C. 
119(e) of co-pending US. Provisional Application Nos. 
60/285,188 ?led Apr. 20, 2001 and entitled “Broadband 
BandWidth Management, Device Management and Multi 
Media Control System”; and 60/285,153 ?led Apr. 20, 2001 
and entitled “Data Insertion, Transport, Grooming, Aliasing, 
Routing, and Multiplexing of MPEG 2 Data Streams”, 
Which Provisional Applications are hereby incorporated by 
reference. 

[0002] This application is related to co-pending US. 
patent application Ser. No. , ?led Apr. 16, 2002 
(based on provisional application No. 60/322,063 ?led Sep. 
13, 2001) and entitled “High Speed Serial Data Transport 
BetWeen Communications HardWare Modules,” Which 
Application is hereby incorporated by reference. 

REFERENCE TO COMPUTER PROGRAM 

[0003] This application hereby incorporates by reference a 
computer program listing submitted concurrently hereWith 
on tWo duplicate compact discs pursuant to the provisions of 
37 CPR. §1.52(e)(5). One complete copy of the computer 
program listing is provided on each of the accompanying 
compact discs and the discs have been labeled “Copy 1” and 
“Copy 2” as required by 37 CPR. §1.52(e)(5). The incor 
porated computer program listing is contained in a single ?le 
created on Apr. 12, 2002, named “mib tables-appendiX.doc” 
and consisting of 150 kilobytes. 

BACKGROUND OF THE INVENTION 

[0004] 1. Field of the Invention 

[0005] The present invention is directed to systems, pro 
cesses, methodologies, apparatus and related softWare for 
transmission of Internet Protocol data streams over various 
types of netWorks. More particularly, the invention relates to 
the ?eld of encapsulation and insertion of Internet Protocol 
data streams for transmission over non-IP netWorks. Accord 
ingly, the general objects of the invention are to provide 
novel systems, methods, apparatus and softWare of such 
character. 

[0006] 2. Description of the Related Art 

[0007] Broadband media convergence betWeen video, 
audio and data creates a chaotic environment of different 
standards and legacy communications technologies. For 
eXample, modem digital communications systems are noW 
being used to bundle together video, audio and other types 
of data each of Which may be generated and manipulated in 
a different data format. One common eXample of this type of 
data bundling is voice over IP in Which an audio signal of a 
relatively narroW bandWidth is transmitted together With a 
synchroniZed but independent Internet Protocol (IP) data 
signal so that both can be simultaneously received and used 
by a signal recipient. It is also becoming more common to 
package video and audio With IP data for synchroniZed 
transmission. For eXample, it may be desired to merge video 
and audio signals created in accordance With an MPEG 
standard With IP data and simultaneously deliver these 
signals to one or more targeted recipients via the Internet. 
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HoWever, transmission of one or more varying types of data 
in accordance With a single data transmission protocol 
presents special dif?culties not previously present. 

[0008] One dif?culty associated With encapsulation of IP 
data streams lies in the fact that IP data streams may be 
broadcast, unicast or multicast over a given netWork, again, 
at the discretion of the user. IP data encapsulation of 
multicast data streams is particularly dif?cult to multipleX 
and re-route over a global communications netWork. This is 
because computers that are not the targeted recipients of the 
multicast streams, cannot recogniZe the data stream. There 
fore, these non-targeted computers also cannot re-route or 
otherWise process the data stream. Prior attempts have been 
made to circumvent this dif?culty. These efforts have gen 
erally involved conversion of a particular multicast IP data 
stream into a plurality of unicast IP data streams and then 
transmission of the neWly created unicast data streams. 
While this technique has been marginally successful, it 
suffers from the de?ciency that substantial processing of the 
data streams must occur on the receiving end of the signal 
in order to recover the original content. This is especially 
true in systems that permit the inclusion of multiple IP data 
packets (each With an associated DSM-CC header) in a 
single MPEG packet Where the IP data packets are smaller 
than the MPEG packets. This is because, in such systems, 
each MPEG packet must be searched in its entirety to 
determine if multiple IP data packets have been packaged 
into a single MPEG packet and, if so, hoW many. 

[0009] There is, accordingly, a need in the art for novel 
methods, systems and apparatus that are capable of conve 
niently and ef?ciently encapsulating and inserting IP data 
into MPEG data streams in a manner that permits rapid and 
simple recovery of the original content after reception. Such 
methods and apparatus should be able to transmit IP data to 
one or more targeted recipients in an MPEG format regard 
less of Whether the original IP data is broadcast, unicast or 
multicast. Such methods and apparatus should also be able 
to transmit IP data in an MPEG format in accordance With 
either DVB or ATSC formats at the discretion of the user. 
Such methods and apparatus should further be combined 
With other broadband communications functions and appa 
ratus such that a single multifunction device can perform a 
Wide variety of functions such as data routing, ad insertion, 
signal and system monitoring, etc. 

SUMMARY OF THE INVENTION 

[0010] The present invention satis?es the above-stated 
needs and overcomes the above-stated and other de?ciencies 
of the related art by providing methods, systems and appa 
ratus for encapsulating multicast IP data packets and insert 
ing the encapsulated data into MPEP data packets that form 
a data stream for targeted transmission over an MPEG 
netWork. 

[0011] One aspect of the present invention is directed to a 
transport multipleXer that provides the ability to encapsulate 
and insert IP data streams of various types into one or more 
MPEG data streams and to transmit the MPEG data streams 
to one or more targeted recipients. 

[0012] Still another form of the invention includes meth 
ods of encapsulating and inserting IP data streams of various 
types into one or more MPEG data streams and transmitting 
the resulting MPEG data streams to one or more targeted 
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recipients. For example the invention can take the form of 
systems and methods for encapsulating IP data streams 
created on a ?rst local network, for inserting these IP data 
streams into merged MPEG data streams, for transmitting 
the merged MPEG data streams over a global communica 
tions netWork and for retrieving the IP data for use at second 
location. 

[0013] Naturally, the above-described methods of the 
invention are particularly Well adapted for use With the 
above-described apparatus of the invention. Similarly, the 
apparatus of the invention are Well suited to perform the 
inventive methods described above. 

[0014] Numerous other advantages and features of the 
present invention Will become apparent to those of ordinary 
skill in the art from the folloWing detailed description of the 
preferred embodiments, from the claims and from the 
accompanying draWings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0015] The preferred embodiments of the present inven 
tion Will hereinafter be described in conjunction With the 
appended draWing ?gures, Wherein like numerals denote 
like elements, and Wherein: 

[0016] FIG. 1a illustrates the hardWare architecture of a 
transport multiplexer in accordance With one preferred 
embodiment of the present invention; 

[0017] FIG. 1b illustrates a preferred form of the ?rmWare 
host processor architecture of the transport multiplexer of 
FIG. 1a; 

[0018] FIG. 2 illustrates system initialiZation and resource 
discovery processes for the transport multiplexer of FIG. 1, 
the processes being in accordance With one preferred 
embodiment of the present invention; 

[0019] FIG. 3 illustrates various system hardWare 
attribute vieWing capabilities in accordance With one pre 
ferred embodiment of the present invention; 

[0020] FIG. 4 illustrates system attribute vieWing capa 
bilities in accordance With one preferred embodiment of the 
present invention; 

[0021] FIG. 5 illustrates various output port enabling 
processes in accordance With one preferred embodiment of 
the present invention; 

[0022] FIG. 6 illustrates speci?cation of present video 
and/or audio stream routing event(s) in accordance With one 
preferred embodiment of the present invention; 

[0023] FIG. 7 illustrates various system bandWidth utili 
Zation vieWing capabilities in accordance With one preferred 
embodiment of the present invention; 

[0024] FIG. 8 illustrates certain event logging and vieW 
ing capabilities and processes in accordance With one pre 
ferred embodiment of the present invention; 

[0025] FIG. 9 illustrates speci?cation of future content 
stream routing event(s) in accordance With one preferred 
embodiment of the present invention; 

[0026] FIG. 10 illustrates various IP data encapsulation 
and insertion capabilities in accordance With one preferred 
embodiment of the present invention; and 
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[0027] FIG. 11 is a detailed ?oW chart illustrating the IP 
data encapsulation and insertion capabilities of FIG. 10 in 
greater detail. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

[0028] The ensuing detailed description provides pre 
ferred exemplary embodiments only, and is not intended to 
limit the scope, applicability, or con?guration of the inven 
tion. Rather, the ensuing detailed description of the preferred 
exemplary embodiments Will provide those skilled in the art 
With an enabling description for implementing a preferred 
exemplary embodiment of the invention. It being understood 
that various changes may be made in the functional arrange 
ment of elements Without departing from the spirit and scope 
of the invention as set forth in the appended claims. 

[0029] As shoWn in FIGS. 1a and 1b, TMX 20 includes a 
plurality of hardWare, ?rmWare and softWare components. 
FIG. 1a is a hardWare architecture diagram shoWing a 
representative transport multiplexer 20 in accor 
dance With one preferred embodiment of the present inven 
tion. As shoWn therein, the transport multiplexer can 
include, for example, a computer 22‘ (With an element 
manager 22 and a GUI 80) that is communicatively linked 
to a TMX chassis 42 via a netWork 24. TMX chassis 42 
preferably includes a host processor board 40‘ (preferably 
With a VxWorks operating system), an input processor board 
50‘, and output processor board 55‘, a multiplexer board 60‘ 
and a transcoding board 70‘. These components are prefer 
ably, but not necessarily communicatively linked to one 
another With a single TMX chassis 42. The basic physical 
model of the preferred TMX chassis hardWare is as folloWs: 
the TMX chassis is a container for boards, each board is a 
container for ports and processors, each processor is a 
container for ?rmWare, and each port is a container for a 
protocol hierarchy (i.e., DS3, MPEG, TCP/IP, etc.). The 
chassis and each board have a set of state and status 
variables associated With them. These include: 1) an admin 
istrative state Which is used to synchroniZe con?guration 
access of multiple managers; 2) an operational state Which 
is used to indicate Whether or not the TMX (or a component 
of it) is in a fully enabled and operational state; and 3) an 
alarm status Which is used to signal a variety of alarm 
conditions by the TMX or a component thereof. As 
described in detail beloW, the host processor 40 controls the 
various hardWare and softWare components of TMX 20 and 
stores MIB table data in accordance With SNMP for use by 
the various other components of the TMX and the element 
manager. 

[0030] Transport multiplexer 20 is suited to a Wide variety 
of application environments including: (1) cable headend; 
(2) satellite uplink; and (3) terrestrial broadcast. Communi 
cation betWeen element manager 22 and TMX chassis 42 is 
preferably performed in accordance With a modi?ed Simple 
NetWork Management Protocol (SNMP) and the content 
streams to be routed through transport multiplexer 20 are 
preferably in accordance With one of the Well-knoWn MPEG 
standards. Most preferably, the content streams are MPEG2 
data streams. While some preferred embodiments of the 
present invention use some conventional MIB tables in 
accordance With Well knoWn SNMP standards, many of the 
MIB’s referenced herein comprise novel data structures. 
These data structures are fully de?ned in the computer 
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program appendix incorporated by reference. Therefore, 
those of ordinary skill Will more than amply understand the 
nature and function of those novel data structures based on 
the teachings contained herein. 

[0031] A more detailed description of the hardWare com 
ponents of TMX 20 is provided in previously mentioned 
co-pending US. patent application, Ser. No. , ?led 
Apr. 16, 2002 and entitled “High Speed Serial Data Trans 
port BetWeen Communications HardWare Modules,” Which 
Application has been incorporated herein by reference. 
Accordingly, further detailed discussion of these hardWare 
components is not necessary, a complete understanding of 
these components being achieved With reference to these 
incorporated applications. 

[0032] The relationship betWeen physical and logical 
resources in the system needs to be manipulated and com 
municated betWeen TMX chassis 42, element manager 22 
and human operators 10 (e.g., FIG. 2). This is generally 
achieved by modeling the various hardWare components of 
the system. The TMX modeling elements are integrated into 
the SNMP Management Information Base (MIBs) by using 
the standard “MIB 2” interfaces table (ifTable) to represent 
each one of the modeling elements as an interface With 
speci?c extensions as speci?ed beloW. This permits identi 
?cation of any board and/or any port, by its table index: the 
i?ndex in the ifTable. 

[0033] With continuing reference to FIG. 1a, element 
manager 22 is preferably linked to TMX chassis 42 by an 
Ethernet. It Will be appreciated by those skilled in the art that 
other netWork technologies can alternatively be used. Ele 
ment manager 22 may be uploaded as a java-application 
from TMX 42 to a remote computer using a broWser, the 
remote computer preferably being communicatively linked 
to transport multiplexer 20 via netWork 24 during an initial 
set-up phase. Subsequently, element manager 22 can be run 
on the remote computer as a java program. The remote 
computer is preferably a conventional personal computer 
With a conventional operating system and broWser, the 
system permitting control over TMX chassis 42 subsequent 
to installation of element manager 22. A graphical user 
interface (GUI) is preferably incorporated into element 
manager 22 and is described in detail beloW. The GUI is 
preferably presented to an operator on a conventional per 
sonal computer monitor (e.g., an LCD screen or a CRT 
monitor). A Wide variety of alternative softWare and hard 
Ware components for hosting and operating graphical user 
interface and element manager 22 Will readily occur to those 
of ordinary skill in the art based on the disclosure contained 
herein 

[0034] FIG. 1b illustrates various ?rmWare and softWare 
components 52-69 of TMX 20 Which are communicatively 
linked to one another as shoWn therein. These components 
include an SNMP agent 44, a message handler 45 and a fault 
manager 59. TMX 20 further comprises a resource manager 
52, a con?guration manager 46, a PAT/PMT collection 
module 54, a PSIP collection module 57, an input module 
50, an IP encapsulation module 66, a time table manager 67 
and a number of DSP API’s. These include multiplexer 
processing 60, transcode processing 62 and quantization 
level processing 64. There is a one-to-one correspondence 
betWeen these ?rmWare modules and certain hardWare com 
ponents of the preferred embodiment. The corresponding 
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hardWare components can be found in FIG. 1a and include 
input processor board 50‘, multiplexer board 60‘ (With a 
multiplex processor 60 and a quantiZation level processor 
61), a transcoding board 70‘ (With either 5 transcode pro 
cessors 71 or 3 transcode processors, 1 multiplex processor 
and 1 QLP 71‘). Consequently, When the con?guration 
manager performs operations on the ?rmWare modules, the 
corresponding hardWare modules are also affected. The How 
of information and commands betWeen the various compo 
nents Within TMX chassis 42 is generally indicated in FIGS. 
1a and 1b by the use of arroWs. In particular, the How of 
commands and information from element manager 22 is 
through SNMP agent 44, Which translates SNMP protocol 
commands from element manager 22 into a conventional 
form so that they can be understood by the various other 
components of TMX 20. The preferred conventional com 
munication protocol is a simple protocol in Which a number 
indicative of a request or command is passed along With an 
associated data structure for receiving data to be manipu 
lated in accordance With the associated command. Thus, 
SNMP agent 44 generally acts as a communication broker 
betWeen element manager 22 and the host processor ?rm 
Ware. SNMP agent 44 alloWs SNMP based management of 
and control over ?rmWare functionality such as grooming, 
splicing, data insertion, etc., because it provides an interface 
With the various ?rmWare modules (e.g., input processing 
task 50, multiplexer processing 60, transcode processing 62 
and quantiZation level processing 64) that ultimately provide 
the desired functionality. 

[0035] Con?guration manager 46 receives commands and 
information from SNMP agent 44 via MIB message handler 
45 and determines hoW to utiliZe the hardWare and other 
?rmWare to execute those commands at the card level. A 
detailed understanding of the various other components of 
TMX 20 Will be obtained With reference to FIGS. 2 through 
9 and the corresponding detailed description of these ?gures 
in the remainder of this speci?cation. 

[0036] FIGS. 2 through 11 illustrate the nine primary 
operational aspects of transport multiplexer 20. These nine 
operational aspects include (1) initialiZation and discovery 
of system resources 100; (2) vieW system hardWare 
attributes 134; (3) vieW system softWare attributes 156; (4) 
enable output port 166; (5) specify present video and/or 
audio routing event(s) 184; (6) vieW bandWidth utiliZation 
206; (7) vieW log activity 222; (8) specify future routing 
event(s) 238; and (9) IP data encapsulation and insertion 
260. These aspects of the present invention are discussed in 
detail immediately beloW. 

[0037] With reference to FIG. 2, there is illustrated therein 
system initialiZation and resource discovery processes for 
the broadband multiplexer of FIG. 1, the processes being in 
accordance With one preferred embodiment of the present 
invention. As shoWn, initialiZation and discovery of the 
inventive system commences With poWer-up 101 of TMX 
chassis 42, Whereupon resource manager 52 conducts dis 
covery (at 102) of the hardWare and system softWare infor 
mation. Thus, TMX chassis 42 executes a number of func 
tions at 104 to identify system components installed in TMX 
chassis 42. Also at 102, MIB message handler 45 populates 
the appropriate MIB’s (ifT able and ifstack) With information 
and SNMP agent 44 aWaits queries at 106. Upon completion 
of these tasks, TMX chassis 42 is prepared to execute 
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various activities based on operator-driven commands deliv 
ered to TMX chassis 42 via element manager 22. 

[0038] At this point, an operator 10 can start up element 
manager 22 in response to Which the element manager, at 
104, displays graphical user interface 80 shoWing a blank 
tree vieW screen 81 for vieWing. Blank tree vieW screen 81 
includes an input tree WindoW 82, an output tree WindoW 82‘ 
and a log message WindoW 87. At 108, element manager 22 
automatically reads the appropriate MIB’s to discover the 
hardWare that is currently installed in TMX 20. This includes 
system hardWare attribute data such as port data and/or 
physical structure. There are several types of ports ( e.g., 
ASI, DHEI, SMPTE 310, DS3) Which are supported by the 
preferred embodiment of the present invention. Data for 
various port parameters is described/de?ned by the ifentry 
MIB table. At 110, element manager 22 doWnloads the 
appropriate DSP code to the IdentXTable MIB. SNMP agent 
44 of TMX chassis 42 creates a neW MIB entry at 112 and 
message handler 45 passes this information to con?guration 
manager 46 for ful?llment. At this point, element manager 
22 requests PAT data at 114. This request is processed by the 
TMX at 116. At 120, the PAT is parsed by element manager 
22 so that the appropriate PMT’s can be identi?ed. These are 
requested at 122 and this request is processed by the TMX 
at 124. After the requested information is generated, SNMP 
agent 44, aWaits further queries at 126. This data is then read 
by element manager 22 at 128 and graphical user interface 
80 is updated. In particular, the requested data is used to 
populate tree vieW screen 81 With system hardWare icons 84 
and 84‘ and, preferably mnemonic, hardWare names 83 and 
83‘ extracted from the data streams themselves using PSIP 
collection module 57. Operator 10 is, thus, presented With a 
visual representation of the system hardWare components. 

[0039] After receiving the system hardWare attributes data 
from TMX chassis 42, element manager 22 proceeds to 
retrieve and display log messages that may have been 
generated at 130. This is achieved With the assistance of a 
fault manager 59 and SNMP agent 44 at 132. Thus, once log 
polling has commenced, element manager 22 displays the 
port and log data at 132 to graphical user interface 80 Where 
the tree vieW screen is updated to display input ports 85, 
output ports 85‘ and log messages 88 in log message WindoW 
87. As shoWn, input and output ports 85 and 85‘ preferably 
have associated mnemonic and alphanumeric identi?ers. 
The ports are also preferably color coded to indicate Whether 
or not the ports are active. Upon revieWing the neWly 
completed tree vieW screen 81, operator 10 can initiate 
various activities as described beloW With respect to FIGS. 
3 through 10. These activities can include, for eXample, 
vieW system hardWare attributes 134, vieW system softWare 
attributes 156, enable output port 166, specify present video 
and/or audio routing events 184, vieW bandWidth utiliZation 
206, vieW log activity 222, specify future routing events 238 
and IP data encapsulation and insertion event(s) 260. Vari 
ous other related activities that can be performed by operator 
10 Will readily occur to those of ordinary skill in the art 
based on the disclosure contained herein. 

[0040] Turning noW to FIG. 3, this FIG. illustrates various 
system hardWare attribute vieWing processes 134 in accor 
dance With one preferred embodiment of the present inven 
tion. The hardWare processes shoWn in FIG. 3 are initiated 
by operator 10 upon selection of the chassis vieW screen 
from the menu items at the top of tree vieW screen 81. This 
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option is accessed by selecting the “vieW” menu item at the 
top of the screen and selecting the chassis vieW option. 
Available hardWare vieWing options include “front chassis 
vieW” and “rear chassis vieW” and “system information.” 
Upon selection of one of the chassis vieW options at the 
graphical user interface, element manager 22 gathers the 
requested hardWare information from the appropriate MIB’s 
(136) With the assistance of TMX chassis 42. This MIB data 
is provided by TMX chassis 42 as indicated by 138 and 
element manager 22 then displays the information on one of 
chassis vieW screen 89 and 90. 

[0041] With continuing reference to FIG. 3, one can see 
that graphical user interface 80 uses the received hardWare 
and status data to display system hardWare attributes and, in 
particular, chassis vieW screens 89 and 90 as initially 
requested by operator 10. Front chassis vieW screen 89 
includes various graphical objects indicative of the identity 
of, physical structure of, con?guration of and status of the 
various cards received Within TMX chassis 42. In this 
illustrative example, these cards include CPU card 40“, 
multipleXer card 60“, ?rst input processor board 50“ and 
second input processor board 50‘". While it is also possible 
to receive log messages Within log message WindoW 87 of 
front chassis vieW screen 89, no log messages have been 
generated in this illustrative eXample. 

[0042] Rear chassis vieW screen 90 can also be selected by 
operator 10 as an alternative to front chassis vieW screen 89. 
In this illustrative eXample, rear chassis vieW screen 90 
includes various graphical objects indicative of the identity 
of, physical structure of, con?guration of and status of the 
rear portion of the various cards received Within TMX 
chassis 42 and discussed above With respect to the front 
chassis vieW. The log messages can, optionally, also be 
displayed in log message WindoW 87 of rear chassis vieW 
screen 90. This aspect of the present invention alloWs an 
operator 10 to easily select, and then, vieW system hardWare 
attributes in the manner discussed above. This feature of the 
present invention is particularly advantageous in that it 
alloWs an operator to troubleshoot dif?culties With transport 
multipleXer 20 Without having to physically access the 
communications hardWare itself. 

[0043] The preferred continuous hardWare status polling 
features of the present invention are shoWn at 139. In 
particular, the LED status information provided in the chas 
sis vieW screens is updated at regular intervals by the 
repeated eXecution of the functions shoWn in blocks 140 
146. 

[0044] Turing noW to FIG. 4, this ?gure illustrates system 
attribute vieWing processes and capabilities 156 in accor 
dance With one preferred embodiment of the present inven 
tion. As shoWn therein, vieWing of system attributes such as 
board type, DSP attributes, softWare version, etc. com 
mences With the initial system discovery process When the 
TMX eXecutes the functions shoWn at 158. Thus, this 
information is readily available for display and SNMP agent 
160 Waits for such queries at 160. Upon selection of the 
version vieW menu option Within the top portion of tree vieW 
screen 81 by operator 10, element manager 22 gathers the 
requested information at 162 displays it in system attributes 
screen 91. The data can then be vieWed by operator 10 as 
desired. As shoWn in FIG. 4 and Table 1 beloW, system 
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attributes data displayed on screen 91 preferably includes 
the following data ?elds for the board and softWare running 
on each chassis slot: 

TABLE 1 

Board Name 
TMX Application 
JVM Version 
System Name 
IP Address 
Chassis ID 

Board Revision 
FPGA Version 
VxWorks 08 
CPU Version 

MAP Lib Version 
MUX Version 
QLP Version 
TPE Version 

[0045] In the illustrative embodiment of FIG. 4, TMX 
chassis 42 is a mid-plane TMX chassis With ?ve board slots 
in each half of the chassis. Accordingly, this illustrative 
example includes ten slots (?ve slots for each half-plane). A 
detailed description of the structure and operation of TMX 
chassis 42 is contained in the application incorporated by 
reference and a Wide variety of variant arrangements Will 
readily occur to those of skill in the art based on the 
disclosure contained herein. 

[0046] As shoWn in FIGS. 3 and 4, the preferred embodi 
ment of the present system includes a GUI With a system 
information tab With Which an operator can access informa 
tion about the system such as system name, system descrip 
tion, system up-time and system location. This feature of 
present invention operates in a manner that is generally 
analogous to the vieW softWare version feature shoWn in 
FIG. 4 and described in connection thereWith immediately 
above 

[0047] FIG. 5 illustrates various output port enabling 
capabilities in accordance With one preferred embodiment of 
the present invention. As shoWn therein, output port 
enabling is initiated upon selection by operator 10 of the 
particular port to be enabled. Upon selection of a port, 
element manager 22, at 168, displays the transport editor 92 
With default values. Operator 10 can then vieW the default 
data and edit the data if desired, such as by changing the 
status from disabled to enabled. For example, an operator 
Will typically enable a transport stream, name that stream 
and assign an information transfer bit rate for the selected 
port. Upon selection of the “OK” button, the transport editor 
is closed, and element manager 22 gathers transport infor 
mation from the editor and places it in the appropriate MIB 
tables (see 170). The TMX chassis also uses this information 
to execute the enable request as indicated at 172. The MIB 
table could be either one of tWo types: TMXiftable (for most 
ports) or the TMXgiexttable (for DS3 ports) due to the 
varying information requirements of the different port types. 

[0048] Further, element manager 22 creates a PAT at 174 
and the PAT is output by the TMX as indicated at 176. 
Finally, the tree vieW screen 81 of the GUI is updated by the 
element manager as indicated at 178. Graphical user inter 
face 80 indicates successful enablement of the desired port 
by changing the attributes of the port icons in tree vieW 
screen 81. This is preferably accomplished by changing the 
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color of the port icons, but other alternatives (such as 
changes in shape, movement, location, siZe, sound, etc.) Will 
readily occur to those of ordinary skill in the art. Operator 
10 can, thus, visually con?rm that port enablement Was 
successfully completed by vieWing the neWly-updated 
graphical user interface 80. 

[0049] FIG. 6 illustrates various system-assisted video 
and/or audio routing capabilities in accordance With one 
preferred embodiment of the present invention. As described 
in greater detail beloW, the present invention enables opera 
tor 10 to de?ne and execute content stream routing either 
manually or semi-automatically. In particular, the preferred 
embodiment of the present invention provides operators 
With the ability to manually enter routing data element by 
element or, alternatively, to drag and drop graphical objects 
to and from various locations of the tree vieW screen 81. 
Element manager 22 cooperates With graphical user inter 
face 80 to execute the various routing speci?cation com 
mands speci?ed by corresponding drag and drop operations. 
This is achieved With automated population of MIB tables 
corresponding to the various actual ?elds necessary to de?ne 
a routing command. Drag and drop operations on graphical 
user interface 80 assist operator 10 in de?ning video, audio 
and/or IP data routing events for the system. De?ning 
routing speci?cations in this Way is, therefore, semi-auto 
matic. 

[0050] Drag and drop operations on the graphical user 
interface can be used to perform a variety of related content 
stream routing functions. These include the ability to drag 
different levels from the input tree to the output tree. For 
example, an operator may drag (1) the content streams of an 
entire input port (possibly including plural programs, each 
of Which possibly includes plural components) to an output 
port; (2) a complete program of an input port to an output 
port; (3) a complete program from an input port to a program 
of an output port; and (4) a component from an input port to 
an output port. Anumber of other drag and drop features Will 
readily occur to those of ordinary skill in the art based on the 
disclosure contained herein. HoWever, it should be noted 
that this portion of the speci?cation speci?cally addresses 
content stream routing that occurs in the present. The 
invention, hoWever, also envisions con?guration of content 
stream routing to be automatically executed at a future time 
(see, e.g., FIG. 9). As described in greater detail beloW, 
content stream routing processes described immediately 
beloW (applicable to execution of present routing com 
mands) are compatible With, and form a portion of, routing 
processes for execution of routing events in the future. 

[0051] With primary reference to FIG. 6, operator 10 can 
specify one or more present routing events by selecting the 
graphical objects representing one or more content streams 
to be routed to a desired location (e.g., an output port). The 
content stream could be either simple or contain plural 
components Which may or may not be related to one another 
in one or more Ways. For example, the object may represent 
a single component content stream, plural content steams 
that collectively constitute a program, or plural content 
steams that collectively constitute data streams present on an 
entire input port. In the illustrative example discussed imme 
diately beloW, operator 10 drags the content streams for an 
entire port from the input tree to the output tree and proceeds 
to edit video and audio components of one program from the 
port. 
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[0052] Assisted routing in accordance With the invention 
is preferably accomplished With a drag and drop operation of 
one or more graphical objects from the input port WindoW 82 
to the output port WindoW 82‘ of tree vieW screen 81. This 
operation has the effect of capturing, as indicated at 186, 
con?guration data corresponding to the selected source of 
the data stream(s). For example, dragging and dropping the 
desired graphical objects enables element manager 22 to 
automatically capture corresponding con?guration data for 
the desired routing events such as input port number and 
location, output port number and location, content stream 
PID to be routed and bit rate for the content streams to be 
routed. Additionally, information regarding the targeted out 
put port (determined based on Where the object is dropped) 
is also captured (188) by element manager 22 and includes, 
for example, the location of the targeted output port. This 
information enables element manager 22 to create default 
settings and to automatically perform PID aliasing at 186 so 
that there are no data stream con?icts as the various streams 

are routed through transport multiplexer 20. The drag & 
drop editors 93 and 94 are then displayed by element 
manager 22 as indicated at 188. The operator can then select 
the particular component to be edited and, at 192, element 
manager 22 receives the selection and displays a component 
editor (95 for video streams or 95‘ for audio streams) With 
default information for possible editing. If the default data 
shoWn in the component editor 95 is acceptable to the 
operator, the “OK” button can be selected to cue the element 
manager to take further action. In particular, closing of the 
component editor WindoW causes element manager 22 to 
gather the information from the GUI and to request the 
creation of various MIB table entries as shoWn at 194. The 
TMX executes the routing events in accordance With the 
updated MIB’s at 196 and the GUI is appropriately updated 
by the element manager 22 as indicated at 198. From the 
operator’s perspective, routing has been speci?ed and per 
formed simply by dragging and dropping an icon from the 
input tree to an output tree. In actuality, a variety of routing 
parameters have been speci?ed With the assistance of the 
system as described in detail above. 

[0053] If operator 10 Wishes to modify the default and/or 
captured data, operator 10 has the ability to edit the infor 
mation in detail for each of the components that comprise 
the content stream. In the example shoWn, operator 10 has 
selected program 1 (in general, an operator Would select 
some type of graphical object, such as an icon or its 
associated text) shoWn in editor WindoW 93 and a more 
detailed editor WindoW 94 is displayed, the WindoW shoWing 
the constituent components of the selected program. In the 
case of FIG. 6, program 1 has been selected for editing and 
it includes one video component and one audio component. 

[0054] Graphical user interface 80 preferably has the 
capability of identifying content streams using a variety of 
graphical objects Which include icons, alphanumeric char 
acter strings, actual program names, etc. on the various 
screens. The content stream identi?cation data is preferably 
carried Within the media stream so that it can be consistently 
displayed throughout the graphical user interface regardless 
of Which vieWing screen is presented to operator 10. 
Restated, graphical user interface 80 preferably presents a 
consistent content stream name or symbol and can display it 
throughout the interface. 
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[0055] With continuing reference to FIG. 6, selection of 
the “OK” button of WindoW 94 closes the drag and drop 
WindoW and opens the component editor WindoWs corre 
sponding to the selected components as indicated at 192. In 
this case, selection of a component to be edited further 
results in display of one of component editor WindoWs 95 
and 95‘ Where operator 10 has the further ability to specify 
details such as bit rate, target PID, etc. for any of the 
components of the desired program. In this case, video 
editor WindoW 95 and audio editor 95‘ are displayed for 
consideration and possible editing. This feature enables a 
user to more easily allocate bandWidth among the various 
content streams being routed so that maximum bandWidth 
utiliZation can be achieved. 

[0056] Upon selection of the “OK” button of one of 
WindoWs 95 or 95‘, the element manager 22 changes the 
MIB table data in accordance With the edited changes and 
instructs the TMX to execute the speci?ed routing con?gu 
ration. Con?guration manager 46 then sequentially con?g 
ures the targeted multiplexer and quantization level proces 
sor and enables the input processor, in that order, as 
indicated at 196. 

[0057] The module activation order, When an output port 
is enabled, is an important aspect of the present invention. In 
order to effectively execute a routing event, the targeted 
multiplexer, quantiZation level processor and input proces 
sor should be activated in the order speci?ed to minimiZe the 
possibility of the destabiliZing the system. In particular, 
con?guration manager 46 directs the targeted multiplexer to 
collect the designated PIDs and route them to the targeted 
output. Second, the con?guration manager 46 must provide 
the quantiZation level processor 64 With the appropriate bit 
rate and PMT for the content stream to be routed. Third, 
con?guration manager 46 should instruct the input processor 
to send all of the content streams With a particular PID to the 
multiplexer. This is preferably accomplished by performing 
PID aliasing and then sending the associated data to the 
multiplexer as a loW voltage differential signal. 

[0058] As noted above, module activation in an order 
other than that discussed above may lead to system insta 
bility. If, for example, the con?guration manager attempted 
to enable the input processor ?rst, the multiplexer may begin 
to receive a content stream that it does not expect and this 
confusion may cause the multiplexer to crash. Similarly, 
removing a content stream (ceasing to route the stream to the 
port) should be performed in a predetermined order dictated 
by con?guration manager 46. In particular, the sequence 
noted above should be reversed (deactivation of the input 
processor, deactivation of the QLP and, ?nally, deactivation 
of the multiplexer). If, for example, the multiplexer Were 
disabled ?rst, the multiplexer may still receive a content 
stream from the input processor and, once again, this con 
dition may crash the multiplexer. 

[0059] Turning noW to FIG. 7, this ?gure illustrates vari 
ous system bandWidth utiliZation vieWing capabilities in 
accordance With one preferred embodiment of the present 
invention. As shoWn therein, operator 10 initiates the vieW 
bandWidth utiliZation feature of the invention by selecting 
the bandWidth manager menu item from the upper portion of 
tree vieW screen 81. This enables element manager 22 to 
display the bandWidth manager screen at 208 and the TMX 
begins polling the system for bandWidth utiliZation data and 
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Waiting for queries for this data as shown at 210-212. As 
indicated more fully in the accompanying computer program 
appendix, the MIB tables enable monitoring of MPEG 
input/output bandWidth utilization information. In particu 
lar, the TMXinputPIDtable is used for input rate monitoring 
per PID. The TMXoutputPIDtable is used for output rate 
monitoring per PID. 

[0060] In particular, message handler 45 begins polling 
input processor and output multiplexers for data that is used 
to update the MIB tables (capturing data from these tWo 
sources alloWs the bandWidth display to shoW a comparison 
betWeen the input bandWidth and output bandWidth) and 
sends the data as SNMP data to element manager 22, as 
indicated at 214. Element manager 22 periodically queries 
the TMX for this information and at 216 displays this data 
on graphical user interface 80. It then returns to continue 
polling for neW bandWidth utiliZation data at 214. In this 
Way, bandWidth utiliZation data for all enabled ports is 
continually updated and can be displayed by graphical user 
interface 80 in real-time. BandWidth data polling preferably 
ceases When operator 10 closes the bandWidth WindoWs 96 
and 96‘ such as by sWitching to the chassis or tree vieW 
screens. At that point, the PID’s for the enabled content 
streams are deleted from the MIB tables. 

[0061] Upon receipt of bandWidth utiliZation data, graphi 
cal user interface 80 displays a bandWidth utiliZation screen 
96. This screen preferably includes automatically rescaling 
X and y aXes and an individual graphical object for each 
content stream being routed, each object preferably being a 
bandWidth bar (bars 97, 97‘ and 97“ in the eXample shoWn). 
Each bandWidth bar shoWn in screen 96 preferably includes 
the folloWing plural attributes: an output bandWidth utiliZa 
tion value 97a, an input bandWidth utiliZation value 97b, a 
maXimum input bandWidth utiliZation value 97c and mini 
mum input bandWidth utiliZation value 97d. In practice, 
changes in the bandWidth utiliZation are automatically dis 
played in bandWidth utiliZation screen 96 in real-time. 

[0062] BandWidth utiliZation screen 96 can include a 
number of user-friendly features to make the graphical user 
interface even more intuitive and useful. For eXample, 
operator 10 may be provided With the ability to select or 
deselect a legend display shoWn on the right hand portion of 
bandWidth utiliZation screen 96. Similarly, operator 10 pref 
erably has the ability to select or deselect display of the 
minimum and maXimum bandWidth utiliZation values. Fur 
thermore, screen 96 preferably has the ability to display the 
same mnemonic identi?ers for the various streams that are 
used in other screens such as the tree vieW screen. Restated, 
the graphical user interface preferably re?ects a consistent 
identi?er for each content stream throughout the system. 
Naturally, other identi?ers could be used if desired. These 
identi?ers are preferably sent With the content streams so 
that they can be detected and displayed in various screens. 
As noted above, the identi?ers may be displayed as colored 
icons and/or alphanumeric character strings, etc. 

[0063] After vieWing bandWidth utiliZation screen 96, 
operator 10 may select one of the bandWidth bars to dynami 
cally display more detailed information about the various 
components that make up the content stream for the selected 
bar. For eXample, a given program might include one video 
and tWo audio components. Selecting a bandWidth bar Will 
cause detailed bandWidth utiliZation WindoW 96‘ (With addi 
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tional information about these components) to appear on the 
screen. This type of selection causes element manager 22 to 
generate a query at 216 Which is responded to by the TMX 
at 210/212. As shoWn in WindoW 96‘, the program name, the 
group ID and the total bandWidth at the instant that the 
bandWidth bar Was taken are captured and displayed on the 
screen. In this illustrative embodiment, the bandWidth bar 
for program 2 Was selected When the bandWidth utiliZation 
Was about ?ve megabits per second (compare WindoWs 96 
and 96‘ of FIG. 7). Additionally, the detailed WindoW breaks 
the selected program doWn into its constituent components. 
In this case the program has three constituent parts: IP data 
1, video data 1 and audio data 1. 

[0064] The screen 96‘ shoWs even more detailed informa 
tion for each component of the program. This information 
preferably includes a bandWidth minima value, a bandWidth 
maXima value and the instantaneous bandWidth utiliZation of 
the constituent components at the instant the detailed band 
Width utiliZation WindoW Was selected. With joint reference 
to screens 96 and 96‘, it Will be appreciated that the dis 
played bandWidth utiliZation of the constituent components 
sums to the bandWidth utiliZation of the entire program. 
Additionally, the sum of the minimum values of the con 
stituent components equals the minimum value for the 
program as a Whole. Similarly, the maXimum value for the 
entire program equals the sum of the minimum values for 
each of the constituent components. Finally, the display 
shoWs the packet identi?er PID associated With the program. 

[0065] Since this aspect of the system displays bandWidth 
in real-time, the operator Will see the bandWidth utiliZation 
varying over time. Also, differences in bandWidth utiliZation 
at different points in time Will re?ect the fact that input 
signals can vary over time on the input side of the Whole 
system. For eXample, if an input signal suddenly includes an 
additional component, the bandWidth display screen Will 
re?ect that change in real-time. 

[0066] FIG. 8 illustrates various event logging and vieW 
ing capabilities 222 in accordance With one preferred 
embodiment of the present invention. As shoWn therein, the 
system has the ability to ?lter the log messages displayed on 
the graphical user interface. VieWing log information in 
accordance With the present invention initially entails opera 
tor selection of an appropriate log ?lter level, thereby 
placing the system into one of four modes. The ?lter level is 
recorded by the element manager 22 and the number and 
type of messages displayed in the log message WindoW 87 
of graphical user interface 80 is dictated by the ?lter level. 
The desired log ?lter level can be selected from the “vieW” 
drop doWn menu item near the top of tree vieW screen 81 and 
then selecting the log messages option. There are preferably 
four ?lter levels: normal status, emergency status, fault 
status and debug. In debug mode all of the generated log 
messages are displayed. 

[0067] Upon startup, the TMX chassis 42 the status query 
task begins to poll the system to thereby generate log 
messages that are used to populate the TMXIJogPortTable, 
as shoWn at 224. The SNMP agent 44 then Waits to respond 
to for queries for this information as shoWn at 226. This log 
messages can be generated by any one of the various 
?rmWare modules and element manager 22, GUI 80 and 
TMX chassis 42 cooperate to continually pass log messages 
in accordance With the previously selected log level to the 










